on behalf of the IDEFICS consortium BACKGROUND/OBJECTIVES: To address behaviours associated with childhood obesity, certain target values are recommended that should be met to improve children's health. In the IDEFICS (Identification and prevention of Dietary-and lifestyle-induced health Effects in Children and infantS) study such lifestyle recommendations were conveyed as six key messages. Here, we investigate the adherence of European children to these messages. METHODS: The IDEFICS intervention was based on the intervention mapping approach with the following six targets: increase water consumption (to replace sugar-containing beverages), increase fruit/vegetable consumption, reduce daily screen time, increase daily physical activity, improve the quality of family life and ensure adequate sleep duration. Internationally recommended target values were applied to determine the prevalence of children meeting these targets. RESULTS: In a cohort of 18 745 children participating in the IDEFICS baseline survey or newly recruited during follow-up, data on the above lifestyle behaviours were collected for a varying number of 8302 to 17 212 children. Information on all six behaviours was available for 5140 children. Although 52.5% of the cohort was classified in the highest category of water consumption, only 8.8% met the target of an intake of fruits/vegetables five times a day. The prevalence of children adhering to the recommendation regarding total screen time-below 1 h for pre-school children and 2 h for school children-was 51.1%. The recommended amount of at least 60 min of moderate-to-vigorous physical activity per day was fulfilled by 15.2%. Family life of the child measured by various indicators was considered as satisfactory in 22.8%. Nocturnal sleep duration of 11 (10) hours or more in pre-school (school) children was achieved by 37.9%. In general, children in northern countries and younger children showed better adherence to the recommendations. Only 1.1% of the children adhered to at least five of these recommendations. CONCLUSIONS: Current adherence of children to lifestyle recommendations to prevent childhood obesity is low where observed differences with respect to country, age and gender call for targeted intervention.
INTRODUCTION
In the last decade, a rapid growth of the prevalence of obesity was experienced worldwide, the importance of which can be best illustrated with the forecast that this phenomenon could reverse the increase in life expectancy having been observed in the past decades. 1 Similar trends of obesity epidemic were also observed in the child population, which made it a worldwide public health crisis. 2 Later consequences of childhood obesity put a significant burden on, both, the individual's health and quality of life as well as on the health care system on a societal level.
2a. Reducing TV viewing 2b. Enhancing daily physical activity 3a. Improving the quality of family life 3b. Ensuring adequate sleep duration.
The aim of this paper is to describe the adherence to the recommendations related to these six key messages in the study sample, that is, at baseline before the intervention started and in newly recruited children at follow-up, stratified by country, sex and age. In addition, we calculated a composite compliance score of these targeted lifestyle factors.
SUBJECTS AND METHODS

Study subjects
A cohort of 16 228 children aged 2-9 years was examined in a populationbased baseline survey in eight European countries ranging from North to South and from East to West (Estonia, Sweden, Germany, Belgium, Hungary, Italy, Spain, Cyprus) from autumn 2007 to spring 2008. The study was not designed to provide a representative sample for each country. Rather, this baseline survey (T 0 ) was the starting point of a prospective study with the largest European children's cohort established to date. 10 This cohort and additional 2517 children aged 2-10.9 years who were newly recruited during a second survey (T 1 ) 2 years later comprise the study sample of the present analysis. Exactly the same survey modules were deployed at baseline (T 0 ) and at follow-up (T 1 ). The actual age of school enrolment varied in the survey countries, so the school-aged subgroup was defined according to the most frequent date, that is, being 6 years or older.
All children in the defined age group who resided in the defined regions and who attended the selected primary schools (grades 1 and 2), preschools or kindergartens were eligible for participation. Children were enroled via schools and kindergartens to facilitate equal enrolment of all social groups. In addition to the signed informed consent given by parents, each child was asked to give verbal assent immediately before examination. All examination modules were offered to each participant, except accelerometry where the number of available devices limited the participation. Participants were free to opt out for specific modules, which resulted in varying numbers of response.
Assessment of lifestyle behaviours and related recommendations
In the following, we briefly describe how each of the lifestyle behaviours was measured in the IDEFICS study.
Questionnaires provided information for the indicator variables of five from the six key messages. Children's Eating Habits Questionnaire 11 (CEHQ) was completed by parents, recording dietary habits and food frequency referring to the previous four weeks. Indicators for diet-related key messages, that is, the frequency of water consumption and fruit and vegetable consumption were obtained from CEQH. Water consumption was assessed as times per day. The fruit and/or vegetable consumption was derived by summarising the daily consumption of the following food types: fruits with or without added sugar, including freshly pressed smoothies (while excluding juices), and cooked or raw vegetables.
CEHQ was complemented by a computer-based 24-h dietary recall, including an interview where, among other questions, parents reported what time their child went to bed the previous day and what time he/she got up in the morning, from which the nocturnal sleep duration was calculated for the previous day.
Parents completed a self-completion set of questionnaires to assess gestational, socio-demographic and behavioural factors, being the source also for proxy-reported daily screen time of the child separately for weekdays and weekend days with the help of the question: how long does your child usually watch TV/video/DVD per day?
The parental core questionnaire included questions from the KINDL questionnaire designed to assess health-related quality of life in children and adolescents independently of the current health status. 12 As it was assumed that high quality of life indicates more balanced family life, a health-related quality of life score was used as an indicator of the key message referring to improved quality of family life, though the score itself covers a broader range of information than the family life. This healthrelated quality of life score comprised four of the six original KINDL dimensions:
13 emotional self-being, self-esteem, family relations and social contacts. The range of the score was 12-48, the higher values indicating better quality of life.
14 To monitor the physical activity, children wore a uniaxial accelerometer (ActiGraph or ActiTrainer, ActiGraph, Pensacola, FL, USA) on a hip belt over at least three consecutive days including one weekend day. 15 A minimum duration of 6 h monitoring time per day was required to achieve proper reliability, 16 whereas the epoch of sampling was set on 15 s, where nonwear time was defined as at least 20 min of consecutive zeroes. The duration of moderate-to-vigorous physical activity (MVPA) was determined according to the cut-offs of Evenson 17 (see Konstabel et al.; 18 this issue).
Composite compliance score
Internationally recommended target values regarding the six lifestyle behaviours are based on a report on existing guidelines. 19 As water consumption is subject to relevant seasonal and climate influences and water content of the diet can also contribute to hydration; we have not considered the international recommendation 20 for this key message but used the highest category of intake frequency in CEHQ, that is, four or more times per day as the target to be met.
Regarding daily consumption of fruits and vegetables, the national recommended target values proved to be so diverse that we decided to use the recommendation from the WHO CINDI nutritional guidelines, 21 that is, a daily intake of five or more portions of fruits and/or vegetables.
Among the various recommendations for sleep duration, we considered 11 h or more for pre-school children and 10 h or more for school children 22 as target values.
The most generally accepted recommendation 23 restricts TV viewing time to 1-2 h per day where the lower threshold applies to pre-school children, combining all screen-based activities. 24 The evaluation of the original KINDL questionnaire does not provide an established target value in all the survey countries, so we decided to use the 85th percentile of the scale range (that is, 44 points) as threshold of an indicator for a good quality of life, which itself is considered as proxy for a balanced family life.
The recommended target value of MVPA for children ranges from 15 to 20 min in the Mediterranean countries, for example, Cyprus and Italy, to 90 min in Canada. 25 The most widely accepted target value of 60 min MVPA 26 was applied in our analysis. On the basis of the internationally recommended target values described above, a compliance score was calculated adding up the number of those key messages for which the recommended target values were met. Hence, the values of the compliance score range from zero (no compliance at all) to six (fulfilling the recommendation for all six key messages). Achieving at least five points was considered as good compliance.
Quality management
All survey elements followed detailed standard operation procedures that were laid down in the general survey manual and finalised after the pretest of all survey modules.
To check and improve the quality of data, the reliability of questionnaires was checked by re-administering the CEHQ and selected questions of the parental questionnaire in a convenience sample of study participants 11 confirming an acceptable reproducibility even by more than 4 months between the first and second administration, without any systematic differences in reproducibility by sex and age. Food consumption assessed by the CEHQ was validated against selected nutrients measured in blood and urine, 27 which revealed a significant positive correlation between reported intake and excretion. A methodological study was carried out to compare uniaxial and triaxial accelerometers in children and to validate them using doubly labelled water as the gold standard. 28 
Statistical analysis
On the basis of the above described variables and pre-defined cut-off points, we assessed country-specific means and s.d. and prevalences of compliance with each of the six key messages as well as country-specific distributions regarding the compliance score, stratified by pre-school/ school and sex. All analyses were performed using SAS 9.2 (SAS
RESULTS
The study population was already described in detail by Ahrens et al. 29 The data were obtained from 8302 (physical activity) to 17 212 (screen time) children, according to the varying proportions of participation in the various modules. Information on all six behaviours was available for 5140 children ( Figure 1 ). No noteworthy differences were found regarding the sociodemographic characteristics between the total sample and the various subpopulations according to the availability of data on the various key messages (Table 1) . Table 2 shows the sample size with respect to the key messages and summarises the observed behaviours. A positive trend with age can be observed for total screen time in the sense that older children spent more time in front of the TV or computer and for physical activity, whereas there is negative trend for fruit and vegetable intake, sleep time and the health-related quality of life score. In all countries, the total screen time was higher for boys than girls (in pre-school age: 1.53 vs 1.36 h per week; in school age 2.06 vs 1.76 h per week). Also, the mean daily duration of MVPA was higher for boys than for girls (in pre-school age: 38.2 vs 30.6 min; in school age 47.9 vs 36.2 min). Table 3 demonstrates the compliance with the key messages. Overall, 52.5% of the children were in the highest category of water intake. The water consumption in southern countries was much higher than in central and northern European countries. Fruit and vegetable consumption was far below the recommended target value in all countries and age groups: the proportion of children who achieved the '5 a day' recommendation was only 8.8%. Fruit and vegetable consumption were above average in Nordic countries and Cyprus. None of the diet-related key behaviours showed major differences by sex or age.
Total screen-based activities were below the recommended target value in 51.5% of all children with no major regional differences, girls having better compliance than boys (56.4% vs 46.6%). The recommended target value of MVPA was achieved in only 15.2% of the children, with threefold difference in the prevalence between countries (8.8% in Cyprus vs 25.7% in Sweden). The same order of magnitude in difference was observed according to sex: the proportion of children achieving the recommended target value of MVPA was higher among boys than among girls (in pre-school children 15.0% vs 4.5%; in school children 26.8% vs 10.5%).
Key messages promoting lifestyle changes to cope with stress indicate far better results in the northern region than in the southern region, especially among girls (see Table 3 ). In addition, we observed a negative trend with age for the health-related quality of life score.
The recommendation on sleep duration was fulfilled in 37.9% of our study sample. In both age groups and in all countries except Estonia, the prevalence of adherence to recommendation was better in girls.
Regarding the compliance score, the two extremes of the scale showed a sharp contrast: 0 and 1 points, that is, poor compliance, were observed for 37.6% in our study sample, whereas a good compliance with this set of lifestyle recommendations was observed in only 1.1% of the children. Figures 2 and 3 depict the distribution of the compliance score according to age, sex and country. The score showed a similar pattern as most of the key messages, that is, a better adherence of children to the six key messages in the northern countries and among younger age groups.
DISCUSSION
The present paper investigated the adherence of European children to selected 8, 9, 30 health behaviours known to be associated with childhood obesity and being essential for children's optimal and healthy development. The results demonstrate that surprisingly low proportions of these children meet the recommended target values of the investigated health behaviours (8.8-52.5%).
The consumption of sugar-sweetened beverages is an important contributor to childhood obesity 31, 32 confirmed even by longitudinal studies. 33 In spite of this, there is no special recommendation regarding soft drink consumption. The WHO CINDI guideline simply proposes the limitation of sugary drinks. The review of Libuda and Kersting 31 also underlined that the most reasonable preventive measure is replacing soft drinks by noncaloric beverages, for example, tap water and mineral water. In our study, half of the children showed a satisfactory water intake reflected by the highest category of intake frequency reported in the CEHQ. However, this also implies that almost half of the children do not drink enough water.
A low level of fruit and vegetable consumption among children is consistently reported. The position paper of the American Dietetic Association on Dietary Guidance for Healthy Children Ages 2 to 11 Years 34 reported that 63 and 78% of children 2 to 9 years do not consume the recommended number of servings of fruits and vegetables. They found an average daily intake of two servings of fruits and 2.2 of vegetables. A recent review 35 confirmed this observation, demonstrating low intakes of fruits and vegetables in most American, European and Australian studies, between 2 and 3 portions per day which are well below the recommended five portions. This target value of five portions should consider the age of the child, that is, the appropriate amount of fruits and vegetables depends on the energy needs, where for example, a young child should eat more than 200 g per day. 21 In the Netherlands, more children complied with the World Health Organisation recommendation of 400 g fruits and vegetables per day (17.0%) in 2009 than in 2003 (11.8%, P = 0.004). 36 However, even the 2009 figures were lower than expected. Two German studies 37 reported a fruit intake of 110 and 114 g in boys and girls, respectively, and a vegetable intake of 104 and 115 g; in total, 2.6-2.8 portions according to the WHO CINDI conversion. A British study 38 revealed that the daily consumption of at least one portion of fruit and of vegetables in 9-10-year-old children was 56.8 and 49.9%, respectively. Results on the association of fruit and vegetable consumption and obesity are controversial in Adherence to targets of obesity intervention E Kovács et al spite of their low energy density. Nevertheless, high fruit and vegetable consumption contributes to a well-balanced nutrientcontaining diet. The data gained from the IDEFICS survey correspond to the results demonstrated by the studies discussed above. Fruit and vegetable consumption is very low in the participating European children, not even approaching the widely accepted internationally recommended target value of five times per day, where the proportion of adherers ranged from 2.5% in Belgium to 14.5% in Sweden, while in total 91.2% of the children have an intake lower than optimal. Fruit/vegetable intake does not differ substantially between age groups. It is worth mentioning that fruit/vegetable intake is relatively low even in the Mediterranean countries. On the basis of these data, we can state that plant food consumption should be highly promoted among European children. Reviews concerning the relationship between TV time, sedentary time and obesity are equivocal; 39 however, the majority of them confirm a positive association. Possible explanations are multifold, 40 involving direct and indirect mechanisms contributing to the childhood obesity epidemic. Time spent on TV viewing potentially decreases the time spent in physical activity. Food proved to be the most frequently advertised product category on children's TV, the majority of these products being energy dense and nutrient poor. 40 This facilitates adverse dietary patterns: energy-dense snack consumption, fast-food consumption, energydense drink intake, higher total energy intake and higher percentage energy from fat. 41, 42 Watching TV redirects attention from conscious eating and provides opportunity for unnoticed and unrestricted snacking. 43 These arguments support the American Academy of Pediatrics Policy Statement suggesting that daily screen time should be restricted to 1-2 h, the lower limit applying for younger children. 44 There is a positive trend with age for total screen time, but due to the duplication of permitted screen time, this does not cause an increase in non-compliance with the guidelines. The majority of studies reported a significant relationship between television viewing time and adverse dietary outcomes with as little as 1 h of daily television exposure. 45 According to the present data the recommendation of o 1 h of total screen time per day for pre-school children and o2 h per day for school children-not exclusively TV viewing-seems to be reasonable. These thresholds were reached by 51.5% of the IDEFICS population that was the second best compliance in the present study after compliance to water consumption.
Physical activity and sedentary behaviour are also considered important aetiological factors 46 in childhood obesity. The beneficial effect of physical activity exceeds the simple prevention of overweight. It improves metabolic and mental health, 47 besides, it is also positively associated with academic performance. 48 There is a positive trend with age for compliance to physical activity recommendations in the IDEFICS population, but even school children's physical activity levels are far below the recommended target value. The prevalence of spending more than 1 h per day in MVPA is overall very low, ranging from 6.8% in Italy to 25.7% in Sweden. Boys were more physically active than girls, which confirms previous findings 49, 50 where it is repeatedly stressed from an overall European perspective that girls are less likely to be suffciently physically active than boys.
Currently, there is a growing interest on how different aspects of family life affect children's health. Although we did not explicitly measure, for instance, the stress level of the family, but various other indicators of the quality of family life instead, it is interesting to note that the stress level of the family can be an important contributor to childhood obesity, [51] [52] [53] and the other way round, obesity may increase the stress level. [54] [55] [56] [57] [58] Our crosssectional study cannot identify causal relationships, though literature suggests that impaired mother-child relationship, reduced social support and parenting care may have a role in establishing adverse diet patterns. This puts in focus the relationships within the family confirming the results of our intervention mapping approach, which addressed stress management as one of the intervention targets for the IDEFICS study. The strengthening of a supportive family environment may have beneficial effects on stress coping and consequently on obesity. A negative trend with age was observed for the health-related quality of life score in the IDEFICS population, with lower values in the southern countries at all ages.
An increasing body of evidence suggests that shorter sleep duration is independently associated with weight gain, particularly in younger age groups. 59 Investigation of sleep patterns in the IDEFICS study 60 confirmed the association of sleep duration with obesity: a dose-dependant association between sleep duration and overweight was observed. A clear gradient in sleep duration could also be seen between regions: children from northern Europe sleep longer than children in southern Europe. Sleep duration has shown a decreasing trend in the past century, reflecting changing lifestyles. 61 In our study, the age-specific recommendations were met by 7.5% of Estonian children up to 82.2% of Belgian children. On the basis of these results, we can conclude that striving for longer sleep duration among European children would be essential, and this should be promoted especially in the southern countries. Please note that we only recorded nocturnal sleep duration although sleep during the daytime might be relevant in Mediterranean countries where for instance napping after lunch is common, but this was not recorded in the IDEFICS study. Several lifestyle factors are described as behavioural contributors to childhood obesity, 30 which are often associated with each other. Regarding intervention targets, the literature typically deals separately with these factors. The advantage of combining the most important lifestyle factors in a compliance score may provide a more holistic view: complying with certain aspects of lifestyle Abbreviations: BMI, body mass index; ISCED, International Standard Classification of Education; MVPA, moderate-to-vigorous physical activity. a Low: (Pre-) Primary and lower secondary education (ISCED-level categories 0/1/2); high: tertiary education (ISCED level categories 5/6). Percentages are calculated related to the number of children with non-missing values for the variable ISCED level.
Adherence to targets of obesity intervention E Kovács et al S147 Adherence to targets of obesity intervention E Kovács et al S149 recommendations can vary even within an individual, but these aspects can compensate each other, creating a final common effect on the outcome of obesity. The score can express the fulfilment of a comprehensive set of recommended behavioural factors, such as in the present study the compliance with the six key messages of the IDEFICS intervention. Our data revealed that an almost complete compliance (that is, five or six messages) with recommendations is rare among European youth: the range is 0 (Cyprus) to 2.8% (Germany) with 1.1% prevalence in the total IDEFICS population. The distribution of the compliance score was different between countries and compliance increased with age.
The strength of the present study is its large sample size with wide geographical coverage of Europe. The study was carefully planned and performed a standardised and quality-controlled data collection. One limitation of the present analysis may be that the children participating in the various modules were not a random sample of the overall study population. However, there were no apparent differences in the socio-demographic profile between the responders and non-responders to the various modules. Another limitation is the reliance on self-reports with respect to variables where an objective assessment or a direct measurement was not feasible in such a large population-based study. This was for instance the case for questions that were related to family life. Furthermore, the relationship of our key message to improve the quality of family life and the newly developed quality of life score has not been directly shown. But as the quality of life score used in this paper contains a module characterising the quality of family relations (taken from the original KINDL questionnaire), we are quite confident that its use is valid for indicating the key message with respect to an improved quality of family life.
CONCLUSION
The compliance of young children to health-behaviour recommendations was very low and should therefore be improved, preferably via those actors who can serve as a role model, mediator for the different lifestyle aspects or nutritional gatekeeper for the children. The present paper directs the attention to the gap between the present and the required situation. Further studies are needed to define evidence-based target values for a healthy development of children. Adherence to targets of obesity intervention
